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1
CONNECTOR FOR WELLBORE TUBULARS

The present invention relates to a connector for connect-
ing a first wellbore tubular to a second wellbore, and to a
corresponding method. In particular, but not exclusively, the
present mnvention relates to a connector comprising a tubular
housing having an internal bore which receives the first
wellbore tubular, the housing being connectable to the
second wellbore tubular, and a slip body which is 1nsertable
in the internal bore of the tubular housing, comprising at
least one slip tooth for engaging the first tubular.

In the o1l and gas exploration and production industry,
wellbore fluids comprising o1l and/or gas are recovered to
surface through a wellbore which 1s drnlled from surface.
The wellbore 1s lined with metal wellbore-lining tubing,
which 1s known 1n the industry as casing, and which 1s
cemented 1n place within the drilled wellbore.

It 1s frequently necessary to deploy tools and equipment
into the wellbore to perform an operation in the well, such
as during an intervention procedure, a drilling procedure or
a milling procedure. Such may be carried out 1 a cased
wellbore, or 1n an open hole environment.

One way 1n which this can be achieved 1s to make up a
tool string comprising lengths of tubing which are coupled
together end-to-end via ‘pin and box’ connectors, the tools/
equipment being carried into the wellbore suspended from
the tubing. However, the assembly and subsequent retrieval
of such tool strings 1s time consuming, due to the many
connections which must be made-up and broken-out. Also,
storage of the tubing sections used to form the string takes
up significant space, which may be limited, particularly in
the case of an offshore rig or vessel.

One way in which tools and equipment can be quickly
deployed into a well, and subsequently retrieved, 1s to use
‘coiled tubing’. Coiled tubing comprises a continuous length
of tubing which 1s stored on a reel or spool at surface, for
example on a rig. The coiled tubing 1s unwound from the
reel, straightened, and then deployed into the well carrying
a tool string which includes the required tools/equipment,
located on an end of the coiled tubing. A suflicient length of
colled tubing 1s deployed from the reel to position the
tools/equipment at the desired depth 1n the wellbore.

Connection of the tool string to the end of the coiled
tubing requires the use of a special coiled tubing connector.
The connector typically comprises a housing having an
upper end which {its over the lower end of the coiled tubing,
and a lower end which 1s secured to the tool string, for
example via a conventional threaded connection. A ‘slip’ 1s
disposed 1n the housing between an external surface of the
colled tubing and an internal surface of the housing, and
comprises a series ol inclined slip teeth which extend around
an mner surface of the slip. The slip 1s urged mwardly by
travelling up an inclined ramp disposed in the housing,
moving radially inwardly toward the coiled tubing so that
the slip teeth bite 1nto the tubing. This secures the connector
to the tubing, and so the tool string (connected to the lower
end of the connector housing) to the coiled tubing.

One such prior connector 1s shown in FIG. 12. The
connector comprises a top sub 1 which receives the coiled
tubing, a bottom sub 2 which 1s connected to the tool string,
a slip 3 and a spacer 4. The bottom sub 2 1s coupled to the
top sub 1 via a threaded connection 5, which causes the
spacer 4 to translate the slip 3 relative to the top sub when
the bottom sub 1s threaded into the top sub. This advances
the slip 3 along a ramp 6 1n the top sub 1. The slip 3 1s then
compressed by the ramp 6, causing teeth 7 of the slip to bite
into the coiled tubing. The bottom sub 2 provides a connec-
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tion to the top sub 1, and also a connection to attach to the
tool string below. Variations on the prior connector shown in

FIG. 12 are disclosed 1n U.S. Pat. No. 5,348,088, US patent
publication no. US-2009/0278348A1 and International Pat-
ent Publication no. WO-02/46653.

These types of connectors are limited with regard to the
axial load that they can withstand, as they only have a single
ramp face. Depending upon factors including the connector
outer diameter, the coiled tubing outer diameter and the
ramp angle, this limits the maximum possible length of the
slip. The shorter the slip, the greater 1s the chance of the
coiled tubing collapsing under the load imparted by the slip,
and of the connector pulling off the coiled tubing.

Other known types of connector have multiple ramps, or
a helical ramp which serves to spread the load. Two such

connectors are disclosed i US patent publication no.
US-2011/0248495A1 and U.S. Pat. No. 2,346,051. How-

ever, connectors of this type need to be rotated in, and/or
involve multiple components and are complicated to
assemble. Helical ramps can also perform poorly in situa-
tions where the connector experiences torque during use, for
example when being run 1 conjunction with a downhole
motor. This 1s because the connector can be prone to lose its
orip with the coiled tubing if the motor stalls, due to the
resultant torque.

In particular, helical slip type connectors can let go
(release) as a result of stall torque. As 1s well known, a
downhole motor produces torque while milling. If the motor
takes a ‘bind’ and stalls, the torque 1s transferred to the
colled tubing above. When the Bottom Hole Assembly
(BHA) including the motor i1s subsequently picked up, the
torque 1s released and the mass of the tool string below the
connector produces a twisting or turning moment. In some
cases, that can be enough for the connector to back-ofl and
release the coiled tubing, which 1s sometimes referred to by
operations engineers as ‘reactive torque’.

According to a first aspect of the present invention, there
1s provided a connector for connecting a first wellbore
tubular to a second wellbore tubular, the connector com-
prising;:

a tubular housing having an internal bore which receives
the first wellbore tubular, the tubular housing being
connectable to the second wellbore tubular and com-
prising an internal surface which faces the internal bore
and a ramp assembly arranged around the internal
surface, the ramp assembly comprising:

a plurality of elongate ramp arrays, each ramp array
comprising a plurality of ramps which are inclined
towards the internal bore; and

a plurality of elongate channels which are arranged
relative to the ramp arrays so that arrays which are
adjacent are separated by an elongate channel;

a slip body which 1s msertable 1nto the internal bore of the
tubular housing, the slip body comprising an internal
passage which receives the first wellbore tubular, an
internal surface which faces the internal passage and
which comprises at least one slip tooth for engaging the
tubular, an external surface and a ramp assembly
arranged around the external surface, the ramp assem-
bly comprising:

a plurality of elongate ramp arrays, each ramp array
comprising a plurality of ramps which are inclined
away from the slip body, the ramp arrays of the slip
body adapted to cooperate with the ramp arrays of
the tubular housing to cause said slip tooth to grip the
first wellbore tubular; and
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a plurality of elongate channels which are arranged
relative to the ramp arrays so that arrays which are
adjacent are separated by an elongate channel;

in which the elongate ramp arrays of the slip body are

cach alignable with a respective elongate channel of the

tubular housing, so that the slip body can be inserted
into the tubular housing;

and 1n which the slip body is rotatable within the tubular

housing, so that the ramp arrays of the slip body can

cach be brought 1nto alignment with a respective ramp
array of the tubular housing.

The first and second wellbore tubulars may be any suit-
able tubulars that are capable of being deployed into a well.
The first tubular may be a coiled tubing, and the connector
may be a coiled tubing connector for connecting a coiled
tubing to the second wellbore tubular. The second tubular
may form part of a tubing string comprising a plurality of
tubulars coupled together end-to-end. The second tubular
may be coupled, directly or indirectly, to a tool or equipment
adapted to be located i1n the well to perform a wellbore
function, for example an intervention tool for performing an
intervention procedure, a drilling tool or a milling tool
(either of which may comprise a downhole motor). How-
ever, a wide range of different tools, including ones that are
not specifically for performing an intervention, drilling or
milling procedure, may be deployed using the second tubu-
lar. The second tubular may be or may form part of a tool
string. The second tubular may form part of the tool or
equipment adapted to be located 1n the well.

The provision of ramp assemblies comprising ramp arrays
having a plurality of ramps on each of the tubular housing
and slip body may provide a more secure grip of the first
wellbore tubular than 1n prior connectors of the type com-
prising a single ramp. In particular, the provision of a
plurality of ramps (in each ramp array) may enable an
overall length of the ramp assembly of the housing to be
greater than that provided in prior connectors. In cooperation
with the ramps of the ramp arrays provided on the slip body,
this may provide a gripping action over a longer length of
the first tubular. Also, the inclination of the ramps (a ramp
angle of the ramps) may be greater than 1n prior connectors,
providing an improved gripping ellect, as the slip teeth may
be urged radially inwardly to a greater extent for a corre-
sponding axial movement of the slip body, when compared
to prior connectors. Such may be achieved without detri-
ment to the length of tubular which can be gripped, due to
the provision of multiple ramps in each ramp array.

The provision of the elongate ramp arrays and channels
on the slip body and the tubular housing, arranged as
described above, may facilitate insertion of the slip body
into the housing. Specifically, insertion of the slip body into
the tubular housing may be achieved by orienting the slip
body so that its ramp arrays are rotationally aligned with the
clongate channels of the housing, and then translating the
slip body relative to the housing so that the ramp arrays pass
into the channels. The ramp arrays of the slip body may then
be brought into cooperation with the ramp arrays of the
housing by rotating the slip body relative to the housing,
suitably about a longitudinal axis of the slip body (which
may be coaxial with a longitudinal axis of the tubular
housing).

The slip body may be rotatable within the tubular housing
so that the elongate channels of the slip body can each be
brought into alignment with a respective elongate channel of
the tubular housing.

The connector may further comprise a locking body, the
locking body comprising a plurality of elongate locking
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clements. Each locking element may be locatable in a
respective one of the aligned channels of the tubular housing
and the slip body, to lock the slip body against further
rotation within the tubular housing.

The locking body may act to prevent rotation of the slip
body within the tubular housing following alignment of the
respective ramp arrays. This may prevent movement of the
ramp arrays out of cooperation, and so inadvertent release of
the first tubular from the connector. Release of the first
tubular from the connector may therefore require that the
locking body first be released/removed from the housing.
The locking body may therefore act to prevent mnadvertent
release of the connector from the first tubular, for example
in situations where the connector experiences torque (such
as where the second tubular comprises or 1s coupled to a
downhole motor, particularly in the event of the motor
stalling).

Each locking element may be dimensioned so that 1t at
least closes the elongate channel of the slip body, but may
close off the aligned channels and so at least part of the
tubular housing elongate channel as well. The locking body
may comprise a collar, which may define an opening that
receives the first wellbore tubular, the locking elements
extending from the collar. The locking elements may be
arms or fingers. The locking elements may define a maxi-
mum width. The elongate channels of the tubular housing
may define a minimum width. The elongate channels of the
slip body may define a minimum width. The minimum
widths of the tubular housing and slip body elongate chan-
nels may be greater than the maximum width of the locking
clements. This may facilitate insertion and removal of the
locking body. The locking elements may each have an inner
surface, which may together describe a minimum inner
diameter. The elongate channels of the slip body may each
comprise a base, which may together describe a maximum
outer diameter. The minimum 1nner diameter described by
the locking element mnner surfaces may be greater than the
maximum outer diameter described by the slip body bases.
The ramp arrays of the slip body may together describe a
maximum outer diameter, which may be greater than the
minimum inner diameter described by the locking element
inner surfaces.

The ramp assembly of the tubular housing may be
arranged around a perimeter of the tubular housing, which
may be a perimeter of the internal surface, and which may
be a circumierence. The plurality of elongate channels of the
tubular housing may be arranged relative to the ramp arrays
so that arrays which are adjacent, in a direction around the
perimeter ol the housing, are separated by the elongate
channel. The ramp arrays may be spaced apart around the
perimeter of the housing. The elongate channels may be
spaced apart around the perimeter of the housing. The
clongate channels may alternate between the ramp arrays, 1n
a direction around the perimeter.

The ramp assembly of the slip body may be arranged
around a perimeter of the body, which may be a perimeter
of the external surface and which may be a circumierence.
The plurality of elongate channels may be arranged relative
to the ramp arrays so that arrays which are adjacent, 1n a
direction around the perimeter of the body, are separated by
the elongate channel. The ramp arrays may be spaced apart
around the perimeter of the body. The elongate channels
may be spaced apart around the perimeter of the body. The
clongate channels may alternate between the ramp arrays, 1n
a direction around the perimeter.

The ability of the slip body to be rotated within the tubular
housing may facilitate alignment of the ramp arrays of the
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slip body with the ramp arrays of the tubular housing. Such
alignment may only occur following insertion of the slip
body into the housing, with the slip body ramp arrays
aligned with the elongate channels of the housing.

The connector may be selectively actuable to cause said
slip tooth to grip the first wellbore tubular. The connector
may comprise an actuating body which 1s adapted to trans-
late the tubular housing relative to the slip body (or vice-
versa), to cause said slip tooth to grip the first tubular. The
actuating body may be rotatable relative to the tubular
housing to translate the housing. The tubular housing may
define a first part of a threaded connection, and the actuating
body a second part of a threaded connection, engagement of
the first and second parts causing translation of the housing,
relative to the slip body. The tubular housing and the
actuating body may both be tubular, and may be tubular subs
(which may be relatively short length tubulars). The actu-
ating body may comprise a first part of a further threaded
connection, for connecting to the second tubular, suitably to
a second part of the threaded connection on or provided by
the second tubular. The connector may comprise a pin for
securing the actuating body against further rotation relative
to the tubular housing, which may be a set screw. The
actuating body may define a shoulder which 1s locatable
within the internal bore of the tubular housing, and which
may be adapted to abut the first wellbore tubular. The
shoulder may limit an extent to which the first wellbore
tubular can be inserted into the tubular housing.

The tubular housing may comprise a first end which
receives the first wellbore tubular. The tubular housing may
comprise a second end which 1s connectable to the second
wellbore tubular. The slip body may have a first end, which
may be disposed, 1n use, closer to the first end of the tubular
housing; and a second end, which may be disposed, 1n use,
turther away from the first end of the tubular housing, and
which may be closer to the second end of the housing. The
tubular housing may comprise a shoulder which 1s adapted
to abut an end of the slip body, optionally the second end, to
restrict an extent to which the slip body can be nserted 1nto
the tubular housing.

The ramps of the slip body may each have a first end
disposed closer to the first end of the slip body, and a second
end disposed closer to the second end of the slip body. The
ramps of the slip body may be inclined (or tapered, which
term may be used interchangeably with inclined) so that they
describe a maximum outer diameter (of the slip body) at or
adjacent to their second ends, and so that they describe a
mimmum outer diameter (of the slip body) at or adjacent
their first ends. The ramps of the slip body may each
comprise a ramp surface, which may be inclined relative to
a longitudinal axis of the slip body. The ramp surfaces may
describe ramp angles which are substantially constant.

The ramps of the tubular housing may each have a first
end disposed closer to the first end of the housing, and a
second end disposed closer to the second end of the housing.
The ramps of the housing may be inclined (or tapered, which
term may be used interchangeably with inclined) so that they
describe a maximum 1nner diameter (of the housing) at or
adjacent to their second ends, and so that they describe a
mimmum inner diameter (of the housing) at or adjacent their
first ends. The ramps of the tubular housing may each
comprise a ramp surface, which may be inclined relative to
a longitudinal axis of the housing. The ramp surfaces may
describe ramp angles which are substantially constant. The
maximum inner diameter defined by the housing ramps may
be (slightly) greater than the maximum outer diameter
defined by the slip body ramps. The minimum nner diam-
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cter defined by the housing ramps may be (slightly) greater
than the minimum outer diameter defined by the slip body
ramps. This may facilitate rotation of the slip body to bring
the ramp arrays into alignment.

When the ramp arrays of the slip body are aligned with the
ramp arrays of the tubular housing, the ramp surfaces of the
slip body ramp arrays may be disposed opposite/adjacent to
a respective ramp surface of the tubular housing ramp
arrays. The ramp surfaces may be closely spaced and
optionally may be in abutment. Axial translation of the
tubular housing relative to the slip body may then cause the
slip body ramps (and so the slip body) to be urged inwardly,
suitably radially inwardly, to cause said slip tooth to grip the
first wellbore tubular.

The ramp arrays of the tubular housing may define a ramp
profile, which may comprise a shape, dimensions and/or
positioning of the ramps. The ramp arrays of the slip body
may define a ramp profile, which may comprise a shape,
dimensions and/or positioning of the ramps. The ramp
profiles of the tubular housing and of the slip body may
substantially mirror one another (and so may be mirror
images of one another) so that they fit together and align,
which may facilitate gripping of the first wellbore tubular.

The ramp arrays of the slip body may comprise a longi-
tudinal axis, which may extend substantially parallel to a
longitudinal axis of the slip body. The elongate channels of
the slip body may comprise a longitudinal axis, which may
extend substantially parallel to a longitudinal axis of the slip
body. The ramps of the ramp array may be disposed spaced
apart along a length of the ramp array. The ramps may be
arranged sequentially along a length of the ramp array.

The ramp arrays of the tubular housing may comprise a
longitudinal axis, which may extend substantially parallel to
a longitudinal axis of the housing. The elongate channels of
the tubular housing may comprise a longitudinal axis, which
may extend substantially parallel to a longitudinal axis of the
housing. The ramps of the ramp array may be disposed
spaced apart along a length of the ramp array. The ramps
may be arranged sequentially along a length of the ramp
array.

The tubular housing may comprise any suitable number of
ramp arrays and elongate channels. The ramp arrays may be
equally spaced apart around the perimeter of the tubular
housing. The elongate channels may be equally spaced apart
around the perimeter of the tubular housing. The tubular
housing may comprise at least three, at least four, at least six,
at least eight, and optionally more than eight ramp arrays
and elongate channels. Any number between three and eight
may be chosen, and optionally more than eight.

The slip body may comprise a wall, and an elongate slot
which may extend through the wall and along a length of the
body. The elongate slot may facilitate radial expansion and
contraction of the slip body. Expansion may occur when the
slip body 1s fitted around the first wellbore tubular. Con-
traction may occur when the ramp arrays on the slip body
and on the tubular housing cooperate to cause said slip tooth
to grip the wellbore tubular. The elongate slot may comprise
a longitudinal axis, which may extend substantially parallel
to a longitudinal axis of the slip body. The elongate slot may
align with a ramp array of the tubular housing when the slip
body 1s mserted into the housing. The elongate slot may
align with an elongate channel of the tubular housing, when
the slip body 1s rotated to align the elongate channels of the
slip body with the elongate channels of the tubular housing.
The wall of the slip body may define the internal surface and
the external surface of the body. The slot may extend
through the slip body from the internal surface to the
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external surface. The slip body may be substantially
C-shaped. The internal surface of the slip body may define
the internal passage. In use, when the slip body 1s located
within the tubular housing, the slip body may be located
between the internal surface of the tubular housing and an
external surface of the first wellbore tubular. Said slip tooth
may grip an external surface of the first wellbore tubular.

The slip body may comprise any suitable number of ramp
arrays and elongate channels. The ramp arrays may be
equally spaced apart around the perimeter of the slip body.
The elongate channels may be equally spaced apart around
the perimeter of the slip body. The slip body may comprise
at least three, at least four, at least six, at least eight, and
optionally more than eight ramp arrays. Any number
between three and eight may be chosen, optionally more
than eight. The number of elongate channels defined by the
slip body may be one less than the number of ramp arrays,
particularly where the slip body comprises an elongate slot
(although the slot may be considered to effectively form an
clongate channel).

The connector may comprise a single slip body defiming
all of the ramp arrays and elongate channels. The connector
may comprise a plurality of slip bodies, each slip body
defining a plurality of ramp arrays and at least one elongate
channel. Where there are a plurality of slip bodies, the slip
bodies may cooperate on rotation, for alignment of ramp
arrays of the slip bodies with ramp arrays of the tubular
housing.

The eclongate channels of the tubular housing may
describe a minimum width. The ramp arrays of the slip body
may define a maximum width. The minimum width of the
tubular housing elongate channels may be greater than the
maximum width of the slip body ramp arrays. This may
tacilitate insertion of the slip body into the tubular housing,
and removal of the slip body from the housing.

The slip body, i particular the at least one slip tooth of
the body, may describe a minimum internal diameter which,
in at least a rest state of the slip body (prior to alignment of
the slip body ramp assemblies with the tubular housing ramp
assemblies), may be less than an external diameter of the
first wellbore tubular. This may provide an interference {it
with the first tubular, which may in turn provide an initial
orip ol the tubular, prior to alignment of ramp assemblies
and actuation of the connector. The 1nitial grip that 1s thereby
provided may facilitate subsequent actuation of the connec-
tor, by restricting axial translation of the slip body relative
to the first wellbore tubular when the actuating body 1s
rotated relative to the tubular housing.

The tubular housing may comprise a locking feature, such
as an aperture, extending through a wall of the housing. The
slip body may comprise a locking feature, such as an
aperture, extending through or 1into a wall of the body. The
locking apertures may be 1n alignment when the slip body 1s
rotated into a position 1n which its ramp arrays are aligned
with the ramp arrays of the tubular housing. The connector
may comprise a locking component, which may be a pin,
such as a set screw, and which may be locatable i the
aligned apertures. The locking aperture of the slip body may
be elongate, in a direction taken along a length of the slip
body, and may be generally oval in shape. This may provide
a degree of axial play 1n the position of the slip body relative
to the tubular housing, which may enable the gripping force
to be imparted on the first wellbore tubular, by translation of
the tubular housing relative to the slip body (the ramp arrays
on the housing and the body then cooperating to urge said
slip teeth inwardly to grip the first wellbore tubular). The
locking pin may prevent further rotation of the slip body
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relative to the housing (optionally as a backup, separate to
the locking elements of the locking body). The locking body
may comprise a locking aperture, which may extend com-
pletely through or only part way (for example a blind bore)
through a wall of a locking element of the locking body. The
locking aperture of the locking body may align with the
locking apertures of the slip body and the tubular housing,
when the slip body is rotated into a position 1 which its
ramp arrays are aligned with the ramp arrays of the tubular
housing. The locking pin may pass through the tubular
housing and slip body apertures and into the locking body
aperture.

The slip body will typically comprise a plurality of slip
teeth, suitably more than two. The at least one slip tooth may
extend at least part way around a perimeter of the slip body
internal surface, which may be a circumiference. The at least
one slip tooth may be disposed perpendicular to a longitu-
dinal axis of the slip body (parallel to the circumierence of
the body), or may be inclined, for example extending along
a helical path around the internal surface of the body. The at
least one slip tooth may taper towards a peak which 1is
adapted to bite into the external surface of the first wellbore
tubular.

According to a second aspect of the present invention,
there 1s provided a method of connecting a first wellbore
tubular to a second wellbore tubular using a connector
comprising:

a tubular housing having an internal bore, an internal
surface which faces the internal bore and a ramp
assembly arranged around the internal surface, the
ramp assembly comprising:

a plurality of elongate ramp arrays, each ramp array
comprising a plurality of ramps which are inclined
towards the internal bore; and

a plurality of elongate channels which are arranged
relative to the ramp arrays so that arrays which are
adjacent are separated by an elongate channel;

a slip body comprising an internal passage, an internal
surface which faces the internal passage and which
comprises at least one slip tooth, an external surface
and a ramp assembly arranged around the external
surface, the ramp assembly comprising;

a plurality of elongate ramp arrays, each ramp array
comprising a plurality of ramps which are inclined
away Irom the slip body; and

a plurality of elongate channels which are arranged
relative to the ramp arrays so that arrays which are
adjacent are separated by an elongate channel;

in which the method comprises the steps of:

aligning each elongate ramp array of the slip body with a
respective elongate channel of the tubular housing, and
iserting the slip body into the tubular housing so that
said ramp arrays are located 1n said channels;

rotating the slip body within the tubular housing, to bring
cach of the ramp arrays of the slip body into alignment
with a respective ramp array of the tubular housing;

locating a first wellbore tubular within the internal bore of
the tubular housing, the wellbore tubular passing along
the internal passage of the slip body so that the slip
body 1s located between the internal surface of the

tubular housing and an external surface of the wellbore
tubular;

actuating the connector so that the ramp arrays of the slip
body cooperate with the ramp arrays of the tubular
housing, to cause said slip tooth to grip the first
wellbore tubular; and
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connecting the tubular housing to the second wellbore

tubular.

Further features of the method of the second aspect of the
invention may be derived from the text set out elsewhere 1n
this document, 1n particular 1n or with reference to the first
aspect of the mvention.

According to a third aspect of the present invention, there
1s provided a wellbore tubing assembly comprising a {first
wellbore tubular, a second wellbore tubular, and a connector
according to the first aspect of the invention for connecting
the first wellbore tubular to the second wellbore tubular.

Further features of the first and second wellbore tubulars
and/or of the connector of the third aspect of the imnvention
may be derived from the text set out elsewhere in this
document, 1n particular in or with reference to the first aspect
of the mvention.

Embodiments of the present invention will now be
described, with reference to the accompanying drawings, 1n
which:

FIG. 1 1s a side view of a connector for connecting a first
wellbore tubular to a second wellbore tubular, 1n accordance
with an embodiment of the present invention;

FIG. 2 1s a longitudinal cross-sectional view of the
connector of FIG. 1, shown 1n an 1nitial position or stage;

FIG. 3 1s a partial longitudinal cross-sectional exploded
view of the connector shown 1n FIG. 1;

FIG. 4 1s a perspective view of a tubular housing and slip
body forming part of the connector of FIG. 1;

FIG. 5 1s an end view of the slip body shown in FIG. 4;

FIG. 6 1s an end view of the tubular housing shown in
FIG. 4;

FIG. 7 1s an end view of the slip body and tubular housing,
the slip body shown 1nserted within the tubular housing;

FIG. 8 1s a view corresponding to FIG. 7, showing the slip
body following rotation to bring ramp arrays of the body into
alignment with ramp arrays of the housing;

FIGS. 9 and 10 are view of the connector which corre-
spond to that of FIG. 2, but showing the connector at
different stages in 1ts actuation to grip the first wellbore
tubular and to connect the first wellbore tubular to the
second wellbore tubular;

FIG. 11 1s a longitudinal cross-sectional view of a locking,
body of the connector shown in FIG. 1; and

FIG. 12 1s a longitudinal cross-sectional view of a prior
connector.

Turning firstly to FIG. 1, there 1s shown a side view of a
connector for connecting a first wellbore tubular to a second
wellbore tubular, 1n accordance with an embodiment of the
present 1nvention, the connector indicated generally by
reference numeral 10. The first and second wellbore tubulars
are shown 1n broken outline in the drawing, and indicated
respectively by reference numerals 12 and 14. The wellbore
tubulars 12 and 14 can be any suitable tubulars that are
capable of being deployed into a well. In the illustrated
embodiment, the first wellbore tubular 12 takes the form of
a coiled tubing, and so the connector 10 takes the form of a
colled tubing connector. The second wellbore tubular 14
takes the form of a tool string comprising a number of
lengths of tubing which are coupled together end-to-end,
and which carries a tool or equipment for performing an
operation 1n the well (not shown). The tool may be an
intervention tool, a drilling tool or a milling tool. However,
a wide range of different tools may be deployed using the
tool string 14.

The connector 10 1s shown 1n an assembled state in FIG.
1, in which i1t has been securely connected to the first
wellbore tubular 12 and to the second wellbore tubular 14.
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FIG. 2 1s a longitudinal cross-sectional view of the connector
10, showing it prior to having been fully actuated to secure
it to the tubular 12 (coiled tubing), and prior to connection
of the second tubular 14 (tool string).

The connector 10 generally comprises a tubular housing
16 having an internal bore which recerves the first wellbore
tubular 12, and which 1s connectable to the second wellbore
tubular 14. The housing 16 also comprises an internal
surface 20 which faces the internal bore 18, and a ramp
assembly 22 which 1s arranged around the internal surface,
as best shown 1n the exploded longitudinal sectional view of
FIG. 3 (which 1s drawn to a diflerent scale from FIG. 2).

The connector 10 also comprises a slip body 24 which 1s
insertable into the internal bore 18 of the housing 16, and
which comprises an internal passage 26 that receives the first
wellbore tubular 12, an internal surface 28 which faces the
internal passage 26 and which comprises at least one slip
tooth 30 for engaging the wellbore tubular 12, an external
surface 32 and a ramp assembly 34 arranged around the
external surface. In the 1llustrated embodiment, the slip body
24 comprises a plurality or series of slip teeth 30, which each
extend around at least part of a circumierence of the internal
surface 28, perpendicular to a longitudinal axis 50 of the slip
body (and parallel to the circumierence). However, the slip
teeth 30 may be inclined, for example extending along a
helical path around the internal surface 28 of the slip body
24. The slip teeth 30 each taper towards a peak, which assists
in engaging the first wellbore tubular 12.

The ramp assembly 22 of the housing 16 comprises a
plurality of elongate ramp arrays 36, each of which com-
prises a plurality of ramps 38 that are inclined towards the
internal bore 18. The ramp arrays 36 also comprise a
plurality of elongate channels 40 which are arranged relative
to the ramp arrays 36 so that arrays which are adjacent are
separated by an elongate channel. This 1s best shown 1n the
enlarged perspective view of FIG. 4, which shows the
housing 16 and the slip body 24 separated from one another,
and which 1s drawn to the same scale as FIG. 2. The
arrangement of the ramp arrays 36 and channels 40 can
clearly be seen 1n the drawing. The ramp assembly 34 of the
slip body 24 1s best shown in FIG. 4, and comprises a
plurality of elongate ramp arrays 42, each ramp array
comprising a plurality of ramps 44 which are inclined away
from the slip body 24, and which are adapted to cooperate
with the ramp arrays 36 of the housing 16, to cause the slip
tooth 30 to grip the first wellbore tubular 12. In addition, a
plurality of elongate channels 46 are arranged relative to the
ramp arrays 42, so that arrays which are adjacent are
separated by an elongate channel. The arrangement of ramp
assemblies and elongate channels on the slip body 24 and
housing 16 1s also shown in the end views of FIGS. 5 and
6, respectively.

As mentioned above, the slip body 24 1s insertable 1nto the
internal bore 18 of the housing 16. This 1s achieved by
aligning each of the ramp arrays 42 of the slip body 24 with
a respective elongate channel 40 of the housing 60, as shown
in FIG. 7. As can be understood by comparing F1GS. 2, 4 and
7, when the ramp arrays 42 and channels 40 are aligned 1n
this way, the slip body 24 can be inserted into the housing
16 by translating the slip body in a direction along a
longitudinal axis 48 of the housing 16 (FIG. 4), without
relative rotation between the slip body 24 and the housing.

When the slip body 24 has been fully iserted into the
housing 16, the slip body 1s rotated within the housing so
that the ramp arrays 42 of the slip body are each brought into
alignment with a respective ramp array 36 of the housing, as
shown 1n FIG. 8. In addition, 1n this rotational orientation of
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the slip body 24, the elongate channels 46 of the slip body
26 are each aligned with a respective elongate channel 40 of
the housing 16 ramp assembly 34.

This arrangement of the ramp arrays 36, 42 and the
channels 40, 46 facilitates msertion of the slip body 24 into
the housing 16. Specifically, insertion of the slip body 24
into the housing 16 1s achieved by orienting the slip body so
that its ramp arrays 42 are rotationally aligned with the
clongate channels 40 of the housing 16, each ramp array
aligned with a respective channel. The slip body 24 1s then
translated relative to the housing so that the ramp arrays 42
pass mnto the channels 40. The ramp arrays 42 of the slip
body 24 are then brought into cooperation with the ramp
arrays 36 of the housing 16 by rotating the slip body relative
to the housing, about the longitudinal axis 50 of the slip body
(FIG. 4) which 1s coaxially located with the longitudinal axis
48 of the housing 16.

In the 1llustrated embodiment, the slip body 24 comprises
eight ramp arrays 42 which are equally spaced apart around
a circumierence of the slip body, and the housing 16
correspondingly comprises eight ramp arrays 36 which are
equally spaced apart around a circumierence of the housing,
and eight equally spaced elongate channels 40. The ramp
arrays 42 on the slip body 24 are therefore brought into
alignment with the ramp arrays 36 on the housing 16 by a
14™ turn of the slip body 24 relative to the housing 16. As
will be described 1n more detail below, the housing 16 1s then
axially translated relative to the slip body 24, the ramp
arrays 36 on the housing 16 cooperating with the ramp
arrays 42 on the slip body 24 to urge the slip teeth 30 on the
slip body radially inwardly to grip the first wellbore tubular
12.

The connector 10 and 1ts method of operation will now be
described 1n more detail, with reference also to FIGS. 9 and
10, which are longitudinal cross-sectional views of the
connector similar to FIG. 2, but showing further stages 1n a
procedure to operate the connector.

The connector 10 comprises a locking body 52, which
comprises a plurality of elongate locking elements 54 1n the
form of locking arms or fingers. The locking body 52 is
shown separately 1n the longitudinal sectional view of FIG.
11. Each one of the locking elements 54 1s locatable 1n a
respective one of the aligned channels 40 and 46 of the
housing 16 and the slip body 24, to lock the slip body against
turther rotation within the tubular housing. Such alignment
of the channels 40 and 46 1s shown 1n FIG. 8. When the
channels are oriented 1n thus way, the locking body 52 can
be inserted mnto the housing 16, each one of the locking
clements 34 passing along one of the sets of aligned chan-
nels 40 and 46, so that the locking body 1s in the position
shown 1n FIG. 2.

The locking body 24 acts to prevent rotation of the slip
body 24 within the housing 16 following alignment of the
ramp arrays 36 and 42. This prevents movement of the ramp
arrays out of cooperation (i.e. movement away from their
aligned position shown 1n FIG. 8), and so 1nadvertent release
of the first wellbore tubular 12 from the connector 10.
Release of the first wellbore tubular 12 from the connector
10 therefore requires that the locking body 52 first be
released from the housing 16. This 1s of particular use for
situations i which the connector 10 1s exposed to torque,
such as where the second wellbore tubular 14 comprises a
downhole motor. As discussed above, 1n the event that the
motor stalls, a reactive torque that occurs when the BHA
including the motor 1s subsequently picked up could other-
wise cause the connector 10 to back-ofl and release the first
wellbore tubular 12.
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Each locking element 54 1s dimensioned so that 1t closes
the elongate channel 46 of the slip body 24 that it 1s mnserted
into. Typically however the locking elements 54 are each

dimensioned so that they close the aligned channels 40 and
46 of the housing 16 and the slip body 24. It will be

understood that, when the locking elements 54 are located in
the aligned channels 40 and 46, the locking elements eflec-
tively block the channels and so prevent rotation of the slip
body 24 relative to the housing 16 back to its starting
(1nsertion) position of FIG. 7.

The locking body 52 comprises a collar 56 which defines
an opening 38, and a bore 60 that receives the first wellbore
tubular 12. The locking elements 54 each extend from the
collar 56, and are typically provided integrally with the
collar 56. However, 1n a variation on the 1llustrated embodi-
ment, the locking elements 54 may be provided separately
and connected to the collar 56.

The locking elements 54 each define a maximum width
W, (FIG. 11), measured 1n a direction parallel to a tangent.
The elongate channels 40 of the housing 16 also define a
minimum width W, (FIG. 6), and the elongate channels 46
of the slip body 24 a minimum width W, (FIG. §), again
measured in directions parallel to tangents. The minimum
widths W, of the housing channels 40, and the minimum
widths W, of the slip body channels 46, are greater than the
maximum width W, of the locking elements 54. It should be
noted here that the locking body 52 1s drawn to a different
scale 1n FIG. 11, compared to the housing 16 and slip body
24 1n FIGS. 7 and 5 respectively. This arrangement of
channel and locking element widths facilitates insertion of
the locking elements 54 of the locking body 52 into the
housing 16, to secure the slip body 24 against rotation.

The elongate channels 46 of the slip body 24 each
comprise bases 61, which together describe an outer diam-
cter D, (FIG. 8). The locking elements 54 of the locking
body 52 each have mnmer surfaces 64 (FIG. 11), which
together describe an inner diameter D,. The mner diameter
D, described by the locking element inner surfaces 64 1is
greater than the outer diameter D, described by the slip body
channel bases 61. This facilitates insertion of the locking
clements 54 along the respective channels 46 of the slip
body 24. In addition, the ramp arrays 42 of the slip body 24
together describe a maximum outer diameter D, (FIG. 5),
which 1s greater than the minimum mner diameter D,
described by the locking element mnner surfaces 64. In this
way, rotation of the slip body 24 back to the position shown
in FI1G. 7 1s prevented when the locking body 1s coupled to
the housing 16 with the locking elements 34 located 1n the
aligned channels 40 and 46.

As shown 1n the sectional view of FIG. 3, the ramp
assembly 22 of the tubular housing 16 1s arranged around a
perimeter of the housing, which 1n the 1llustrated embodi-
ment 1s a circumierence of the internal surface 20. The
clongate channels 40 are arranged relative to the ramp arrays
36 so that arrays which are adjacent, in a direction around
the circumierence of the housing, are separated by an
clongate channel. The elongate channels 40 effectively alter-
nate between the ramp arrays 36, in a direction around the
circumierence.

In a similar way, the ramp assembly 34 of the slip body
24 1s arranged around a perimeter of the body, which in the
illustrated embodiment 1s a circumierence of the external
surface 32. The elongate channels 46 are arranged relative to
the ramp arrays 42 so that arrays which are adjacent, 1n a
direction around the circumierence of the body, are sepa-
rated by an elongate channel. The elongate channels 46
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cllectively alternate between the ramp arrays 42, in a direc-
tion around the circumierence.

As discussed above, the elongate channels 40 of the
tubular housing 16 describe the minimum width W,. The
ramp arrays 42 of the slip body 24 define a maximum width
W, (FIG. 5). The minimum width W, of the tubular housing
c_lannels 40 1s greater than the maximum width W, of the
lip body ramp arrays 42, which facilitates insertion of the
lip body 24 into the tubular housing 16, and removal of the
lip body from the housing.

The connector 10 1s selectively actuable to cause the slip
teeth 30 to grip the first wellbore tubular 12. This 1s achieved
by operating an actuating body 66, which translates the
tubular housing 16 relative to the slip body 24, to cause the
teeth to grip the tubular 12. The actuating body 66 1s
rotatable relative to the tubular housing 16 to translate the
housing. To this end, the tubular housing 16 defines a first
(female) part 68 of a threaded connection, and the actuating
body a second (male) part 70 of a threaded connection,
although the male and female parts may be oppositely
arranged. Engagement of the male part 70 of the connection
with the female part 68 translates the housing 16 relative to
the slip body 24, causing the slip teeth 30 to grip the first
wellbore tubular.

The slip body 24, 1n particular the slip teeth 30, describe
a minimum 1nternal diameter D, (FIG. §5) which, 1n at least
a rest state of the slip body (prior to alignment of the slip
body ramp assemblies 42 with the tubular housing ramp
assemblies 36) 1s less than an external diameter D< of the
first wellbore tubular 12 (FIG. 2). This provides an inter-
ference {it with the first tubular 12, which 1n turn provides
an 1mitial grip of the tubular, prior to alignment of ramp
assemblies and actuation of the connector. The 1itial grip
that 1s thereby provided facilitates subsequent actuation of
the connector, by restricting axial translation of the slip body
24 relative to the first wellbore tubular 12 when the actuating
body 66 1s rotated relative to the tubular housing 16.

In the 1llustrated embodiment, the tubular housing 16 and
the actuating body 66 are both relatively short length tubu-
lars, known as subs. The actuating body 66 also comprises
a first (male) part 72 of a further threaded connection, for
connecting to a second (female) part of the connection (not
shown) on the second wellbore tubular 14. In this way, the
second wellbore tubular 14 can be connected to the first
wellbore tubular 12 using the connector 10.

The connector 10 comprises a number of pins 74, suitably
at least two, for securing the actuating body 66 against
turther rotation relative to the tubular housing 16, the pins
typically taking the form of set screws. The pins 74 act to
prevent backing-out of the male part 70 of the first threaded
connection ifrom the female part 68. The actuating body 66
also defines a shoulder 76 which 1s locatable within the
internal bore 18 of the tubular housing 16, which 1s abutted
by the first wellbore tubular 12 when 1t 1s positioned 1n the
housing bore 18, as shown 1n FIG. 3. The shoulder 76
restricts an extent to which the first wellbore tubular 12 can
be inserted into the tubular housing 16.

The tubular housing 16 comprises a first end 78 which
receives the first wellbore tubular 12, and a second end 80
which 1s connectable to the second wellbore tubular 14, via
the actuating body 66. The slip body 24 also has a first end
82 and a second end 84. The first end 82 of the slip body 24
1s disposed closer to the first end 78 of the tubular housing
16 when the slip body 1s located 1n the housing. The second
end 84 of the slip body 24 1s disposed closer to the second
end 80 of the housing 16. The tubular housing 16 comprises
a shoulder 86 which abuts the second end 84 of the slip body
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24, to restrict an extent to which the slip body can be nserted
into the housing, as best shown i FIG. 3.

The ramps 44 of the slip body 24 each have a first end 88
disposed closer to the first end 82 of the slip body 24, and
a second end 90 disposed closer to the second end 84 of the
slip body. The ramps 44 of the slip body 24 are each inclined
or tapered so that they describe a maximum outer diameter
of the slip body at or adjacent to their second ends 90, and
so that they describe a minimum outer diameter of the slip
body at or adjacent their first ends 88. The ramps 44 each
comprise a ramp surface 92, which 1s inclined relative to the
longitudinal axis 50 of the slip body 24. In the illustrated
embodiment, the ramp surfaces 92 describe ramp angles
which are substantially constant, but in a variation the ramp
angles may be non-constant, for example curved.

The ramps 38 of the tubular housing 16 also each have a
first end 94 disposed closer to the first end 78 of the housing,
and a second end 96 disposed closer to the second end 80 of
the housing. The ramps 38 are inclined or tapered, so that
they describe a maximum inner diameter of the housing 14
at or adjacent to their second ends 96, and so that they
describe a minimum inner diameter of the housing at or
adjacent their first ends 94. The ramps 38 each comprise a
ramp surface 98, which 1s inclined relative to the longitu-
dinal axis 48 of the housing 16. Again, the ramp surfaces 98
describe ramp angles which are substantially constant, but in
a variation may be non-constant, for example curved.

In use, when the slip body 24 1s located within the tubular
housing 16, the slip body 1s positioned between the internal
surface 20 of the housing and an external surface 114 of the
first wellbore tubular 12. When the ramp arrays 42 of the slip
body 24 are aligned with the ramp arrays 36 of the tubular
housing 16, the ramp surfaces 92 of the slip body ramp
arrays are disposed opposite and adjacent to respective ramp
surfaces 98 of the tubular housing ramp arrays 36. This 1s
best shown 1n FIG. 2. In this mitial position, the ramp
surfaces 92 and 98 are disposed 1n abutment along most or
all of their lengths. Axial translation of the tubular housing
16 relative to the slip body 24 (by rotation of the actuating,
body 66 as described above) causes the housing ramps 38 to
be translated relative to the slip body ramps 44, the housing
ramp surfaces 98 sliding over the slip body ramp surfaces
92, as shown m FIG. 9. This 1n turn causes the slip body
ramps 44, and so the slip body 24, to be urged radially
inwardly, enhancing a gripping eflect of the slip teeth 30 on
the first wellbore tubular 12. The slip body 24 1s shown in
its final position, 1n which 1t 1mparts a maximum gripping
ellect upon the first wellbore tubular 12, 1n FIG. 10.

The ramp arrays 36 of the tubular housing 16 define a
ramp proiile, which comprises a shape and dimensions of the
ramps 38, and their positioning relative to one-another. The
ramp arrays 42 of the slip body 24 similarly define a ramp
profile. The ramp profiles of the tubular housing ramp arrays
36 and of the slip body ramp arrays 42 substantially mirror
one-another, so that they fit together and align as shown 1n
FIG. 9. This facilitates gripping of the first wellbore tubular
12 when the connector 10 1s actuated.

The ramp arrays 42 of the slip body 24 each comprise a
longitudinal axis 100 (FIG. 4), which extends substantially
parallel to the longitudinal axis 50 of the slip body. The
clongate channels 46 of the slip body 24 also each comprise
a longitudinal axis 102, which extends substantially parallel
to the longitudinal axis 50 of the slip body 24. The ramps 44
of the ramp arrays 42 are disposed spaced apart along the
lengths of the ramp arrays, and are arranged sequentially
along the lengths of the arrays.
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The ramp arrays 36 of the tubular housing 16 also each
comprise a longitudinal axis 104, which extends substan-
tially parallel to the longitudinal axis 48 of the housing 16.
The elongate channels 40 of the tubular housing 16 also each
comprise a longitudinal axis 106, which extends substan-
tially parallel to the longitudinal axis 48 of the housing. The
ramps 38 of the ramp arrays 36 are disposed spaced apart
along the lengths of the ramp array, and are arranged
sequentially along the lengths of the arrays.

The slip body 24 comprises a wall 108, and an elongate
slot 110 which extends through the wall and along a length
of the body. The slot 110 facilitates radial expansion and
contraction of the slip body 24, by expanding and contract-
ing a width of the slot. Expansion occurs when the slip body
24 1s fitted around the first wellbore tubular 12, and con-
traction when the ramp arrays 42 on the slip body 24 and 36
on the tubular housing 16 cooperate, to cause the slip teeth
30 to grip the wellbore tubular.

The elongate slot 110 comprises a longitudinal axis 112
which extends substantially parallel to the longitudinal axis
50 of the slip body 24, and aligns with a ramp array 36 of
the tubular housing 16 when the slip body 1s mserted into the
housing, as best shown 1 FIG. 7. When the slip body 24 1s
rotated to align the elongate channels 46 of the slip body
with the elongate channels 40 of the tubular housing 16, the
clongate slot 110 aligns with one of the elongate channels of
the housing, as best shown 1n FIG. 8. The wall 108 of the slip
body 24 defines the internal surface 30 and the external
surface 32 of the body. The slot 108 extends through the slip
body 24 from the internal surface 32 to the external surface
30, so that the slip body 1s generally C-shaped.

The tubular housing 16 comprises a number of locking
apertures 116 (FIG. 1) extending through a wall 118 of the
housing, and 1n the illustrated embodiment comprises two
such locking apertures. The slip body 24 also comprise a
locking aperture 120 extending through the wall 108 of the
body. One of the locking apertures 116 of the housing 16 1s
in alignment with the aperture 120 of the slip body 24, when
the slip body 1s rotated into the position 1n which 1ts ramp
arrays 42 are aligned with the ramp arrays 36 of the tubular
housing 16, as shown 1n FIG. 8. The other one of the housing
apertures 116 1s then aligned with the slot 110 defined by the
slip body 24.

The connector 10 comprises a number of locking pins 122
(two 1n the illustrated embodiment), 1n the form of set
screws. When the housing 16 and slip body 24 are aligned
as discussed above, one of the pins 122 1s locatable 1n the
aligned apertures 116 and 120, which prevents further rota-
tion of the slip body relative to the housing. The other pin
122 is located in the slot 110, and provides a backup to
restrict rotation of the slip body 24. Of course, 1t will be
understood that the locking body 52 provides the primary
means ol preventing rotation of the slip body 24, and so
inadvertent release of the connector 10 from the first well-
bore tubular 12.

The locking aperture 120 of the slip body 24 1s elongate,
in a direction taken along a length of the slip body, and
generally oval 1n shape. This provides a degree of axial play
in the position of the slip body 24 relative to the tubular
housing 16. This facilitates application of the gripping force
on the first wellbore tubular 12, by allowing translation of
the tubular housing 16 relative to the slip body 24 (the ramp
arrays 36 and 42 on the housing and the body then cooper-
ating to urge the slip teeth 30 mmwardly to grip the first
wellbore tubular 12).

The locking body 52 also comprises a locking aperture
124, which extends through a wall of one of the locking
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clements 54. The locking aperture 124 of the locking body
52 aligns with the locking apertures 120/116 of the slip body
24 and the tubular housing 16 when the slip body is rotated
into the position 1n which 1ts ramp arrays 42 are aligned with
the ramp arrays 36 of the tubular housing. The locking pin
122 may therefore pass through the tubular housing and slip
body apertures 116 and 120, and into the locking body
aperture 124. This provides a secure connection between the
components, and retains the locking body 52 1n the housing
16.

In use, the connector 10 1s assembled by inserting the slip
body 24 into the housing 16, and rotating 1t to bring the ramp
assemblies 36 and 42 1nto alignment, as discussed above. At
this time, the locking pins 122 are ‘backed-off’. The slip
body 24 1s then 1n the position shown 1n FIG. 8. The locking
body 52 1s then orniented relative to the slip body 24 so that
the locking eclements 54 are lined up with the aligned
channels 40 and 46 of the housing 16 and the slip body 24.
The locking body 52 is then 1nserted 1nto the housing 16 so
that the locking elements 54 close the aligned channels 40
and 46, preventing rotation of the slip body 24 back to the
position of FIG. 7, and so mnadvertent release of the con-
nector 10 from the first wellbore tubular 12 following
actuation of the connector.

The actuating body 66 1s secured to the second wellbore
tubular 14 via its male connector 72. The actuating body 66
1s then connected to the second end 80 of the housing 16,
passing 1nto the housing bore 18, and 1s advanced until 1t
adopts an 1mitial assembly position (shown i FIG. 2). This
may be indicated by markers on the body 66, and/or by
applying a certain make-up torque. The wellbore tubular 12
1s then inserted into the opening 58 defined by the locking
body collar 56, passing on into the bore 18 of the housing 16.
The wellbore tubular 12 passes into the internal passage 26
defined by the slip body 24, the interference fit between the
wellbore tubular and the slip body providing an 1nitial *bite’
of the slip teeth 30 1n the external surface 114 of the tubular.

The wellbore tubular 12 1s advanced until it comes 1nto
contact with the shoulder 76 defined by the actuating body
66, and a pull test of the connector 12 1s then carried out.
This involves imparting an axial load on the actuating body
66. This translates the housing 16 downwardly (to the right
in the drawings), the ramps 38 of the housing ramp arrays 36
urging the ramps 44 of the slip body ramp arrays 42 radially
inwardly, causing the slip teeth 30 to enhance their gripping
action on the first wellbore tubular 12. This opens up a small
axial gap 126 between the end of the wellbore tubular 12 and
the shoulder 76 of the actuating body 66, as shown in FIG.
9.

The actuating body 66 1s then rotated to advance it a
turther distance into the housing 16, thereby closing the gap
126 (as shown 1n FIG. 10). This ensures against inadvertent
release of the connector 10 from the first wellbore tubular
12, since axial loading on the connector could otherwise
move the actuating body 66 upwardly (to the left i the
drawings), closing the gap 126 and translating the housing
16 upwardly to reduce the grnipping eflect on the first
wellbore tubular 12.

The locking pins 74 can then be tightened so as to secure
the actuating body 66 against further rotation relative to the
housing 16, and so to maintain the gripping force imparted
on the first wellbore tubular 12. Also, the locking pins 122
can be tightened. One of the locking pins 122 1s aligned with
the respective apertures 116, 120 and 124 of the housing 16,
slip body 24 and locking element 54. Tightening of the pin
122 therefore acts to secure the locking body 52 to the
housing 16, the locking elements 54 then preventing rotation
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of the slip body 24 back to the position of FIG. 7, and so
maintaining the ramp arrays 36 and 42 1n alignment. The
other locking pin 122 1s aligned with the other aperture 116
of the housing 16, and the slip body slot 110. This provides
a backup to prevent rotation of the slip body 24 back to the
position of FIG. 7. The second wellbore tubular 14 is then
securely connected to the first wellbore tubular 12 via the
connector 10, and 1s ready to be deployed into the well.

Seals 128 and 130 carried by the housing 16 seal the
housing relative to the first wellbore tubular, and seals 132
and 134 seal the housing relative to the actuating body 66,
and so to the second wellbore tubular 14 connected to the
actuating body. This provides a sealed fluid communication
path extending from the first wellbore tubular 12, through
the connector 10 to the second wellbore tubular 14.

In a vanation on the above procedure, the second wellbore
tubular 14 may be connected to the actuating body 66 only
following making-up of the connector as described above.
However, this may not be preferred 1in view of the torque that
would be imparted to the actuating body 66 when the second
tubular 14 1s connected, which would be transmitted to the
housing 16.

Releasing the connector 10 from the first wellbore tubular
12, and so the second wellbore tubular 14 from the first
tubular, involves repeating the steps set out above 1n reverse.

Various modifications may be made to the foregoing
without departing from the spirit or scope of the present
invention.

For example, the tubular housing may comprise any
suitable number of ramp arrays and elongate channels. The
ramp arrays may be equally spaced apart around the perim-
cter of the tubular housing. The elongate channels may be
equally spaced apart around the perimeter of the tubular
housing. The tubular housing may comprise at least three, at
least four, at least s1x, at least eight, and optionally more than
eight ramp arrays and elongate slots. Any number between
three and eight may be chosen, and optionally more than
eight.

The slip body may comprise any suitable number of ramp
arrays and elongate channels. The ramp arrays may be
equally spaced apart around the perimeter of the slip body.
The elongate channels may be equally spaced apart around
the perimeter of the slip body. The slip body may comprise
at least three, at least four, at least six, at least eight, and
optionally more than eight ramp arrays. Any number
between three and eight may be chosen, optionally more
than eight. The number of elongate channels defined by the
slip body may be one less than the number of ramp arrays,
particularly where the slip body comprises an elongate slot
as will now be described (although the slot may be consid-
ered to eflectively form an elongate channel).

The connector may comprise a single slip body defining
all of the ramp arrays and elongate channels. The connector
may comprise a plurality of slip bodies, each slip body
defining a plurality of ramp arrays and at least one elongate
channel. Where there are a plurality of slip bodies, the slip
bodies may cooperate on rotation, for alignment of ramp
arrays of the slip bodies with ramp arrays of the tubular
housing.

The invention claimed 1s:

1. A connector for connecting a first wellbore tubular to a

second wellbore tubular, the connector comprising;:

a tubular housing having an internal bore which receives
the first wellbore tubular, the tubular housing being
connectable to the second wellbore tubular and com-
prising an internal surface which faces the internal bore
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and a ramp assembly arranged around the internal

surface, the ramp assembly comprising:

a plurality of elongate ramp arrays, each ramp array
comprising a plurality of ramps which are inclined
towards the internal bore; and

a plurality of elongate channels which are arranged
relative to the ramp arrays so that arrays which are
adjacent are separated by an elongate channel;

a slip body which 1s msertable into the internal bore of the
tubular housing, the slip body comprising an internal
passage which receives the first wellbore tubular, an
internal surface which faces the internal passage and
which comprises at least one slip tooth for engaging the
tubular, an external surface and a ramp assembly
arranged around the external surface, the ramp assem-
bly comprising:

a plurality of elongate ramp arrays, each ramp array
comprising a plurality of ramps which are inclined
away from the slip body, the ramp arrays of the slip
body adapted to cooperate with the ramp arrays of
the tubular housing to cause said slip tooth to grip the
first wellbore tubular; and

a plurality of elongate channels which are arranged
relative to the ramp arrays so that arrays which are
adjacent are separated by an elongate channel;

in which the elongate ramp arrays of the slip body are
cach alignable with a respective elongate channel of the
tubular housing, so that the slip body can be inserted
into the tubular housing;

and 1n which the slip body 1s rotatable within the tubular
housing, so that the ramp arrays of the slip body can
cach be brought 1nto alignment with a respective ramp
array of the tubular housing.

2. A connector as claimed in claim 1, in which the
connector 1s a coiled tubing connector, the first wellbore
tubular 1s a coiled tubing, the second wellbore tubular forms
part of a tool string comprising a tool adapted to be located
in the well, and 1n which the coiled tubing connector 1s for
connecting the coiled tubing to the second wellbore tubular.

3. A connector as claimed 1n claim 1, in which the slip
body 1s rotatable within the tubular housing so that the
clongate channels of the slip body can each be brought into
alignment with a respective elongate channel of the tubular
housing.

4. A connector as claimed 1n claim 1, i1n which the
connector comprises a locking body, the locking body
comprising a plurality of elongate locking elements, each
locking element being locatable 1n a respective one of the
aligned channels of the tubular housing and the slip body, to
lock the slip body against further rotation within the tubular
housing.

5. A connector as claimed in claim 4, in which each
locking element 1s dimensioned so that 1t at least closes the
clongate channel of the slip body.

6. A connector as claimed 1in claim 5, in which each
locking element 1s dimensioned so that 1t closes at least part
of the tubular housing elongate channel.

7. A connector as claimed 1n claim 4, 1n which the locking
body comprises a collar defining an opeming that receives
the first wellbore tubular, and in which the locking elements
extend from the collar.

8. A connector as claimed 1n claim 4, in which:

the locking elements define a maximum width; and

the elongate channels of the tubular housing define a
minimum width which 1s greater than the maximum
width of the locking elements.
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9. A connector as claimed 1n claim 4, 1n which:

the locking elements define a maximum width; and

the elongate channels of the slip body define a minimum
width which 1s greater than the maximum width of the
locking elements.

10. A connector as claimed in claim 4, in which:

the locking elements each have an imner surface, which

together describe a minmimum 1nner diameter;

the elongate channels of the slip body each comprise a

base, which together describe a maximum outer diam-
eter; and

the minimum inner diameter described by the locking

clement inner surfaces 1s greater than the maximum
outer diameter described by the slip body bases.

11. A connector as claimed 1n claim 10, 1n which the ramp
arrays of the slip body together describe a maximum outer
diameter which 1s greater than the minimum 1nner diameter
described by the locking element inner surfaces.

12. A connector as claimed 1n claim 1, 1n which the ramp
assembly of the tubular housing 1s arranged around a perim-
cter of the tubular housing, and in which the plurality of
clongate channels of the tubular housing are arranged rela-
tive to the ramp arrays so that arrays which are adjacent, in
a direction around the perimeter of the housing, are sepa-
rated by an elongate channel.

13. A connector as claimed 1n claim 12, in which the ramp
arrays are spaced apart around the perimeter of the housing,
the elongate channels are spaced apart around the perimeter
of the housing, and 1 which elongate channels alternate
between the ramp arrays, 1n a direction around the perimeter.

14. A connector as claimed 1n claim 1, 1n which the ramp
assembly of the slip body 1s arranged around a perimeter of
the body, and 1n which the plurality of elongate channels of
the slip body are arranged relative to the ramp arrays so that
arrays which are adjacent, 1n a direction around the perim-
cter of the body, are separated by an elongate channel.

15. A connector as claimed 1n claim 14, in which the ramp
arrays are spaced apart around the perimeter of the body, the
clongate channels are spaced apart around the perimeter of
the body, and elongate channels alternate between the ramp
arrays, 1n a direction around the perimeter.

16. A connector as claimed in claiam 1, in which the
connector 1s selectively actuable to cause said slip tooth to
orip the first wellbore tubular, the connector comprising an
actuating body which 1s adapted to translate the tubular

housing relative to the slip body, to cause said slip tooth to
orip the first tubular.

17. A connector as claimed in claim 16, in which the
actuating body 1s rotatable relative to the tubular housing to
translate the housing.

18. A connector as claimed in claim 16, in which the
tubular housing defines a first part of a threaded connection,
and the actuating body defines a second part of the threaded
connection, engagement of the first and second parts causing
translation of the housing relative to the slip body.

19. A connector as claimed 1in claim 18, in which the
actuating body comprises a first part of a further threaded
connection, for connecting to a second part of the further
threaded connection on the second wellbore tubular.

20. A connector as claimed 1n claim 16, in which the
actuating body comprises a shoulder which 1s locatable
within the mternal bore of the tubular housing and adapted
to abut the first wellbore tubular, to limit an extent to which
the first wellbore tubular can be inserted into the tubular
housing.
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21. A connector as claimed in claim 1, 1in which:

the tubular housing comprises a first end which receives
the first wellbore tubular, and a second end which 1s
connectable to the second wellbore tubular; and

the slip body has a first end which 1s disposed, in use,
closer to the first end of the tubular housing and a
second end which 1s disposed, in use, further away
from the first end of the tubular housing and closer to

the second end of the housing.
22. A connector as claimed in claim 21, in which the

tubular housing comprises a shoulder which 1s adapted to
abut the second end of the slip body to restrict an extent to

which the slip body can be 1nserted into the tubular housing.
23. A connector as claimed in claim 21, 1n which:

the ramps of the slip body each have a first end disposed
closer to the first end of the slip body, and a second end
disposed closer to the second end of the slip body; and
the ramps of the slip body are inclined so that they
describe a maximum outer diameter of the slip body at
or adjacent to their second ends, and a minimum outer
diameter of the slip body at or adjacent their first ends.

24. A connector as claimed in claim 23, in which:

the ramps of the tubular housing each have a first end

disposed closer to the first end of the housing, and a
second end disposed closer to the second end of the
housing; and

the ramps of the housing are inclined so that they describe

a maximum inner diameter of the housing at or adjacent
to their second ends, and a minimum 1nner diameter of
the housing at or adjacent their first ends.

25. A connector as claimed in claim 24, in which:

the maximum inner diameter defined by the housing

ramps 1s greater than the maximum outer diameter
defined by the slip body ramps; and

the minimum 1nner diameter defined by the housing

ramps 1s greater than the minimum outer diameter
defined by the slip body ramps.

26. A connector as claimed in claim 1, in which the ramp
arrays of the tubular housing define a ramp profile, and the
ramp arrays of the slip body define a ramp profile, the ramp
profiles of the tubular housing and of the slip body being
mirror 1mages of one another.

27. A connector as claimed claim 1, in which:

the ramp arrays of the slip body each comprise a longi-

tudinal axis which extends substantially parallel to a
longitudinal axis of the slip body, the ramps of the ramp
array disposed spaced apart along a length of the ramp
array;

the ramp arrays of the tubular housing each comprise a

longitudinal axis which extends substantially parallel to
a longitudinal axis of the housing, the ramps of the
ramp array disposed spaced apart along a length of the
ramp array.

28. A connector as claimed 1n claim 1, 1n which the slip
body comprises a wall and an elongate slot which extends
through the wall and along a length of the body, to facilitate
radial expansion and contraction of the slip body, the elon-
gate slot comprising a longitudinal axis which extends
substantially parallel to a longitudinal axis of the slip body.

29. A connector as claimed 1n claim 28, in which the
clongate slot aligns with a ramp array of the tubular housing
when the slip body 1s 1nserted into the housing, and with an
clongate channel of the tubular housing when the slip body
1s rotated to align the elongate channels of the slip body with
the elongate channels of the tubular housing.

30. A connector as claimed in claam 1, in which the
connector comprises a single slip body defining all of the
ramp arrays and elongate channels.
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31. A connector as claimed 1in claim 1, in which the
tubular housing comprises at least three ramp arrays and at
least three elongate slots.

32. A connector as claimed 1n claim 1, 1n which the slip
body comprises at least three ramp arrays.

33. A connector as claimed 1in claim 1, in which the
number of elongate channels defined by the slip body 1s one
less than the number of ramp arrays.

34. A connector as claimed in claim 1, 1n which:

the elongate channels of the tubular housing describe a

minimum width;

the ramp arrays of the slip body define a maximum width;

and

the minimum width of the tubular housing eclongate

channels 1s greater than the maximum width of the slip
body ramp arrays.

35. A connector as claimed 1n claim 1, 1n which the slip
body describes a minimum 1internal diameter which, in at
least a rest state of the slip body, 1s less than an external
diameter of the first wellbore tubular, to provide an inter-
terence fit with the first tubular and so an mitial grip of the
tubular.

36. A connector as claimed in claim 1, 1n which:

the tubular housing comprises a locking aperture extend-

ing through a wall of the housing, and the slip body
comprises a locking aperture extending through a wall
of the body, the locking apertures being 1n alignment
when the slip body is rotated into a position 1n which
its ramp arrays are aligned with the ramp arrays of the
tubular housing; and

the connector comprises a locking pin which 1s locatable

in the aligned apertures, to prevent further rotation of
the slip body relative to the housing.

37. A connector as claimed in claim 36, in which the
locking aperture of the slip body 1s elongate, 1n a direction
taken along a length of the slip body, to provide a degree of
axial play in the position of the slip body relative to the
tubular housing.

38. A connector as claimed in claim 36, in which:

the connector comprises a locking body, the locking body

comprising a plurality of elongate locking elements,
cach locking element being locatable 1n a respective
one of the aligned channels of the tubular housing and
the slip body, to lock the slip body against further
rotation within the tubular housing; and

the locking body comprises a locking aperture which

aligns with the locking apertures of the slip body and
the tubular housing when the slip body 1s rotated nto
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the position 1n which its ramp arrays are aligned with

the ramp arrays of the tubular housing, the locking pin

passing through the tubular housing and slip body
apertures and into the locking body aperture.

39. A method of connecting a first wellbore tubular to a

second wellbore tubular using a connector comprising:

a tubular housing having an internal bore, an internal
surface which faces the internal bore and a ramp
assembly arranged around the internal surface, the
ramp assembly comprising:

a plurality of elongate ramp arrays, each ramp array
comprising a plurality of ramps which are inclined
towards the internal bore; and

a plurality of elongate channels which are arranged
relative to the ramp arrays so that arrays which are
adjacent are separated by an elongate channel;

a slip body comprising an internal passage, an internal
surface which faces the internal passage and which
comprises at least one slip tooth, an external surface
and a ramp assembly arranged around the external
surface, the ramp assembly comprising;

a plurality of elongate ramp arrays, each ramp array
comprising a plurality of ramps which are inclined
away from the slip body; and

a plurality of elongate channels which are arranged
relative to the ramp arrays so that arrays which are
adjacent are separated by an elongate channel;

in which the method comprises the steps of:

aligning each elongate ramp array of the slip body with a
respective elongate channel of the tubular housing, and
inserting the slip body into the tubular housing so that
said ramp arrays are located 1n said channels;

rotating the slip body within the tubular housing, to bring
cach of the ramp arrays of the slip body into alignment
with a respective ramp array of the tubular housing;

locating a first wellbore tubular within the internal bore of
the tubular housing, the wellbore tubular passing along
the internal passage of the slip body so that the slip
body 1s located between the internal surface of the
tubular housing and an external surface of the wellbore
tubular:

actuating the connector so that the ramp arrays of the slip
body cooperate with the ramp arrays of the tubular
housing, to cause said slip tooth to grip the first
wellbore tubular; and

connecting the tubular housing to the second wellbore
tubular.
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